Primordial odontogenic tumor (POT) was recently recognized in the 2017 World Health Organization (WHO) Classification as a distinct mixed odontogenic tumor most commonly observed in the posterior mandible of young patients. POT appears as an expansile radiolucency associated to an unerupted tooth. The aim of the present study was to perform a retrospective microscopic evaluation of pediatric odontogenic tumors diagnosed in an Oral Pathology Laboratory from Rio de JaneiroBrazil, in order to reclassify potential cases as POT. From 150 cases of odontogenic tumors in children diagnosed in the last 50 years, one case filled the criteria for POT, being therefore better diagnosed as such. The patient was in the first decade of life and presented a well-defined expansile tumor in the posterior mandible, which had been initially diagnosed as immature complex odontoma. To the best of our knowledge, only 12 cases of POT have been reported in the English-language literature. We herein present an additional case of POT and review of its clinicopathological findings is offered.
Introduction
Primordial odontogenic tumor (POT) is a recently recognized, distinct mixed odontogenic tumor characterized by the proliferation of primitive odontogenic ectomesenchyme surrounded by odontogenic epithelium [1, 2] . POT tends to occur in the posterior mandible of young patients as a welldefined radiolucency around the crown of an unerupted tooth [3, 4] . Displacement and root resorption of adjacent teeth, as well as significant bone cortical expansion are usually evident. Most cases are easily enucleated and recurrences have not been reported to date [1] [2] [3] [4] [5] .
POT appears as a well-circumscribed solid mass of fibrous consistency and multilobulated configuration composed of cellular to loose fibromyxoid tissue resembling dental papilla or primitive odontogenic ectomesenchyme, which is typically surrounded by cuboidal to columnar epithelial cells resembling the inner epithelium of the enamel organ [1] [2] [3] [4] [5] [6] .
The aim of the present study was to perform a retrospective morphological evaluation of odontogenic tumors diagnosed in children from a Brazilian population, in order to reclassify potential cases as POT. An English-language literature review was conducted for comparison and better understanding of this rare entity.
Materials and Methods
Odontogenic tumors with a descriptive diagnosis or diagnosed as ameloblastomas, odontogenic myxomas, odontogenic fibromas, ameloblastic fibromas and complex odontomas from 1967 to 2017 were retrieved from the files of Oral Pathology Laboratory of the School of Dentistry of Federal University of Rio de Janeiro-Brazil. Only cases affecting patients in the first two decades of life were included in the study and hematoxylin and eosin-stained sections of each case were reviewed following the criteria for POT established in the 2017 WHO Classification of Odontogenic Tumors [1] . One case was better diagnosed as POT, and clinical, radiographic, and follow-up data were obtained from the patient's records. A literature review was conducted using the PubMed medical database using the keyword search "primordial odontogenic tumor" to compare our case with those from the literature.
Results
One hundred and fifty cases of odontogenic tumors in pediatric patients were diagnosed, corresponding to 0.8% of a total of 16,989 cases diagnosed in the last 50 years. There were 37 cases of ameloblastoma, 20 cases of complex odontoma, 13 cases of odontogenic lesions with descriptive diagnosis, four cases of ameloblastic fibroma, and three cases of odontogenic myxoma. One case fulfilled the criteria for POT and therefore was reclassified as such. This case was presented in the 2013 Congress of the Brazilian Society of Oral Medicine and Pathology [7] with an initial diagnosis of immature complex odontoma with areas of ameloblastic fibroma with induction. The clinical and radiographic data were available in the charts of the patient. The literature review included six articles of POT previously reported in the English-language literature [1, [8] [9] [10] [11] [12] . Thus, to the best of our knowledge, only 12 cases of POT have been reported to date, all of them affecting patients in the first two decades of life ( Table 1 ). The clinicopathological features of the present case is described below.
In 2013, a second opinion was requested from a private oral pathology laboratory in Rio de Janeiro, Brazil. The slides were from a 4-year-old boy who had been referred to an oral surgeon for evaluation of a mandibular asymmetry over the last 8 months. The patient had an otherwise non-contributory past medical history. Intra-oral examination revealed exuberant cortical bone expansion in the left posterior alveolar ridge, covered by intact mucosa (Fig. 1) . Cone beam computerized tomography revealed a welldefined unilocular hypodense lesion in the posterior mandible measuring 3 × 2 cm; adjacent deciduous molars showed root resorption and displacement. Exuberant expansion of 2 ). An excisional intraoral biopsy was performed under general anesthesia, in which a whitish lobulated tumor with fibrous consistency was easily enucleated from the adjacent bone (Fig. 3) . The microscopic examination revealed a well-defined proliferation of a fibromyxoid mesenchymal tissue covered on the surface by columnar epithelial cells resembling ameloblasts containing stellate reticulum-like areas and small foci of calcification (Fig. 4) . Five years ago, the initial interpretation of this case was of an immature complex odontoma containing areas of ameloblastic fibroma with induction. Currently, the histomorphological and radiographic findings supports a final diagnosis of primordial odontogenic tumor. Unfortunately, the patient was lost to follow-up.
Discussion
The term POT was first proposed by Mosqueda-Taylor et al. [1] , who reported a series of six cases of a previously undescribed odontogenic tumor with features similar to primitive dental papilla and follicle, arising in areas of missing or unerupted teeth of patients before adult life. Since then, six additional cases have been identified in the English-language literature [8] [9] [10] [11] [12] . We present an additional case in order to contribute to a better classification and understanding of this rare odontogenic tumor. POT affected seven boys and five girls. Eight patients (66.6%) were in the second decade and four patients (33.3%) were in the first decade, with median age of 12.1 years (varying from 3 to 19 years) [1, [8] [9] [10] [11] [12] . The mandible was affected in ten cases (83.3%) [1, 8, [10] [11] [12] and the maxilla in two cases (16.7%) [1, 9] . Radiographically, POT presented as a unilocular or bilocular radiolucent appearance associated with an unerupted third molar in eight cases (66.6%) [1, 8, 12] or a first or second deciduous molar in four cases (33.3%) [1, 9, 10] . The median size was 4 cm, with marked cortical bone expansion in all cases, mainly of the buccal and inferior cortices [1, [8] [9] [10] [11] [12] . Both maxillary cases showed involvement of the maxillary sinus [1, 9] . Indeed, most cases exhibited displacement and resorption of the adjacent teeth. Our patient was in the first decade of life, with similar radiographic features when compared to the literature.
Microscopically, the combination of proliferating fibrous and covering epithelial odontogenic tissues resembling primitive (primordial) stages of normal odontogenesis is a key diagnostic feature [1, 2] . POT is usually circumscribed by a fibrous pseudocapsule and cuboidal to columnar odontogenic epithelium resembling the inner epithelium of the enamel organ, which covers entirely or partially the periphery of a mesenchymal proliferation of fusiform and stellate fibroblasts, randomly disposed in a variably myxoid to collagenous fibrous tissue [1] [2] [3] [4] [5] . The epithelial component may show ameloblastic differentiation, with occasional limited formation of calcified material [6] , whereas the mesenchymal component may be predominantly myxoid [1] . The peripheral epithelium tends to invaginate into the mesenchymal component as a continuous double epithelial layer, which may occasionally show some expanded free ends with microcystic spaces and induction phenomenon [1, 2, 6] . Thus, epithelial nests may be present in the mesenchymal component close to the surface epithelium due to tangential sectioning [1, 6] . This microscopic feature of epithelial invagination leads to the typical multilobulated configuration of POT, which appears as a solid well-demarcated tumor easily enucleated from adjacent bone, as observed in the present case. Recurrences have not been reported in POT to date with follow-up varying from 6 months to 20 years [1, [8] [9] [10] [11] [12] . POT tends to expand into cortical bone, achieving a considerable size, particularly in pediatric patients. However, the peripheral columnar epithelium and fibrous pseudocapsule may contribute to the clear demarcation of the tumor, favoring its conservative surgical enucleation and outcome.
The exact origin of POT remains questionable, but is most likely related to mesenchymal proliferation similar to the dental papilla of a developing tooth [1, 2] . Recent immunohistochemical studies suggest the activity of both epithelial and mesenchymal components during the histogenesis of POT, justifying its inclusion within the group of mixed epithelial and mesenchymal odontogenic tumors in the current WHO classification [9, 13] . Epithelial cells are strongly positive for CK14, CK19, and Glut-1, whereas mesenchymal cells are strongly positive for vimentin and syndecan-1 (CD138) [9, 10, 13, 14] . Epithelial cells were Fig. 3 Gross features of primordial odontogenic tumor. Multilobulated whitish solid mass of irregular surface, slippery to glossy appearance, measuring 4 × 3 cm, which was removed with a dark reddish dental follicular tissue and deciduous molars negative for BRAF and calretinin, whereas mesenchymal cells showed a low nuclear labeling index for Ki67 (< 5%), with some increased positivity in areas of mesenchymal condensation [10, [12] [13] [14] . These areas also showed activation of odontogenic transcription factors expressed during early tooth morphogenesis, indicating the initial induction of odontogenic signaling [10, 11, 14] .
The strong preference for areas of missing teeth or developing unerupted teeth of children and young adolescents, and some microscopic resemblance to odontogenic tumors such as ameloblastic fibroma (AF), ameloblastic fibrodentinoma (AFD), ameloblastic fibro-odontoma (AFO) and immature odontoma [8, 15] , may reinforce the argument that POT could possibly represent a hamartomatous rather than neoplastic lesion by nature. However, unlike developing odontomas, POT tend to show a higher potential for continuous growth, with considerable cortical bone expansion and limited production of hard dental tissue, indicating a neoplastic nature. The present case was formerly diagnosed as "immature complex odontoma with areas of ameloblastic fibroma with induction" [7] , but the diagnosis of POT was achieved after retrospective identification of the criteria first proposed by Mosqueda-Taylor et al. [1] for this truly new odontogenic tumor. We have reviewed the features of 12 cases of POT previously reported in the literature and added this retrospectively discovered case of POT from 150 cases of odontogenic tumors in children diagnosed in a Brazilian Oral Pathology laboratory over the last 50 years.
Oral surgeons and pathologists should consider POT during the evaluation of a well-defined multilobulated tumor associated with an unerupted tooth in the posterior mandible of young patients. Microscopic evaluation including the periphery of solid odontogenic tumors is recommended to avoid diagnostic misinterpretation. Additional series of cases of POT may contribute to a better understanding of the clinical, histological and biological spectrum of this rare entity.
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